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USE OF A MATHEMATICAL MODEL TO DETERMINE THE EFFECTS OF THE BUSINESS 


CYCLE UPON ENGINEFRING ECONOMY DECTSIONS. 
by 


Robert M.Zastman 
and 
Clifton A, Anderson 


(Based upon a dissertation prepared by Robert M. Eastman, University of Missouri, 
under the advisorship of Professor C,AsAnderson, for the Ph.D. degree granted 
January 1955.) 


The basic purpose of the investigation was to determine the influence of the 


economic forces of the business cycle on engineering economy decisions, The results 
would help answer the questions, "Would modification of the principles and methods 


of engineering economy be worthwhile? If so, how should they be modified? If intro- 


duction of business cycle effects into engineering economy calculations is not 


warranted, a knowledge of these effects may be useful in making allowances for them 


as intangible or irreducible factors. 
Capital equipment policy was the chief focus of the investigation for three 


reasons. The service life of capital equipment extends well beyond the short future 


term which can be adequately predicted, The amount and length of the financial 


commitment in capital equipment increases the dangers from possible unfavorable 
developments. Finally, the calculations for capital asset decisions are more com= 


plex than those for short-term alternatives, 


Historically, Wellington, in his engineering economy classic, was well aware 


of business cycle fluctuations, as shown by his treatment of income and expense 
fluctuations (1). Later authors tended to relegate business cycle fluctuations to 


the intangible factor classification with only an occasional reference, On the 


other hand, Rautenstrauch was greatly concerned with business cycle changes as 
evidenced by his emphasis on the break-even chart which portrayed operating results 
at various levels of volume (2,3,)1). In his 1950 edition, Grant devotes several 

examples and some discussion to the effects of the business cycle fluctuations(5). 


In summary, 
1. The break-even chart is the most important quantitative 


engineering economy so far developed which takes the 
effects of the business cycle into account. 


= 


2. The usual recommendation is that cyclical influences be 
treated as intangibles, 


The following criteria were used in selecting methods of investigations 


The business cycle should be isolated from all other 
engineering and economic factors. 


General applicability rather than a few specific cases 
should be sought. 
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Results developed should be easily convertible to practical 
use. 
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4, Factual data from industry should be used wherever possible. 


6. Data for the investigation should be readily available, 


The methods should be quantitative rather than qualitative. 


Two methods of investigation were chosen, even though neither could 


satisfy all of the above criteria. The first was a mathematical model into 


which variations could be introduced and results observed. The second was a 


comparison of engineering economy anticipations with the actual outcome based 


upon experience of industrial companies, 
THE MATHEMATICAL MODEL 
For this investigation, a theoretical business cycle as typical and as 
The parameters of this theoretical business 


general as possible was needed, 
cycle could be modified in various ways to simulate the fluctuations of the 


business cycle. By determination of the changes due to variations in the 


theoretical cycle, we can establish the theoretical effects of business cycle 


fluctuations. By logical and careful inductive reasoning from theoretical 


results, we can gain insight into the practical effects of actual business 


Cycles.» 
As the basis for the theoretical investigation a mathematical model was 


chosen. This mathematical model may be defined as a quantitative but general 


mathematical representation of the business cycle into which variations can 


be introduced and their effects observed, It is not based upon a single 


business cycle, but is designed to approximate the general pattern of all 
business cycles, The variations introduced into the model can represent any 


one or a combination of the factors affected by the business cycle and engin- 


eering economy methods. 


In using this mathematical model, we will start with the solution of a 


capital equipment problem by conventional engineering economy methods wiich 


use averace annual amounts for costs and incomes This solution will then be 


altered according to the fluctuations of the mathematical model of the business 


cycle, The answer to the modified solution will be compared with that obtained 


by the conventional solution. This comparison will give us mathematical data 
for evaluating the effect of the bwsiness cycle. The criteria used will be 


those conventionally employed in engineering economyerate of return on invest=- 


ment, pay-off period, annual amount or present worth. 


No one method of investigation could meet all the criteria previously laid 
down since they are in some respects mutually exclusive. However, the mathe- 


matical model does satisfy the majority of the criteria. It is quantitative ;it 


uses numbers and produces results in terms of numbers useful for practical and 


theoretical purposes. It is general; it is applicable to almost all cases 
recorded in the past and anticipated in the future. It isolates the business 


cycle from other economic phenomena; economic and engineering forces outside 


the business cycle can be excluded, However, non=cyclical factors can be intro= 


duced to compere their effect with cyclical manifestations. The principles 


developed can easily be converted to forms which can be used by engineers in 


making engineering economy analyses. On the other hand, the method does not 


make use of actual data; however, the model and the variations closely follow 


the data recorded for actual cycles, As long as the model and the asswned 
data used in the model do not deviate greatly from reality, the failure to meet 


this specific criteria should not prove serious. Finally, data are available 


from which values for the model and its variations can be evolved. 


The mathematical model is based upon a fluctuating index which has an 


arithmetic mean of 100 for the complete cycle. For building the model, the 


index of fluctuation may be regarded as an index number measuring the deviation 


‘ 


from the base of 100. It can represent physical velome, sales, return on investment, 


profit, or any other suitable economic variable. In this investigation, the index 


of fluctuation will usually represent the dollar difference between the gross in-= 


come and the operating costs of an investment in productive capital equipment. 


There exist many possible patterns for this fluctuation. Although there is 


agreement among economists that the business cycle exists, there is no agreement on 


its shape, amplitude of fluctuation, duration and other characteristics, No cycle 


is exactly like any other cycle since there are too many variables, many of which 


have never been isolated and defined. Burns and Mitchell say (6) 


"Strictly speaking, every business cycle is a unique 
historical episode, differing in significant ways from 
all its predecessors and never to be repeated in the 

future," 


Since there is no generally accepted mathematical model of the business 


cycle, the writer has taken two generalized forms, a triangular curve and a sine 


curves Burns and Mitchell use these and one based on a cusp function in their 


discussion of generalized business cycle forms. (7). 


The triangular model of the cycle assumes that, starting at the trough of 


the cycle, the index rises as a straight-line function until the peak is reached. 


Then it declines in a straight line at the same rate of change until the starting 


point in the trough is reached, The starting point need not be at low point of the 


cycle; however, the pattern of straight-line rising and falling is the same. 


The symbols used in the formulas for the mathematical model are as follows: 


Y = Index of fluctuation 


X = Time in years 


K ws Maximum amplitude of fluctuation in the index from 
the arithmetic mean ( Y « 100) 


N = Number of years in cycle 
Y= Index of fluctuation at start of cycle (Y-intercept) 


Y,= Y-intercept for second part of equation (after 
first change in direction) 


Ype Y-intercept for third part of equation ( after 
second change in direction) 


| 


Yt, Index of fluctuation at first turning point 


Y= Index of fluctuation at second turning point 


K 


= 7 maximum or Y minimum 


Yy = 100% K 


2 


= Y minimum or Y maximum 
The formulas for the triangular curve model are as follows: 


For Y = Y to Y-Y 
t 
1 
the equation for the index of fluctuation is 
Y-Y,2 X 
The constant, 41, comes from the division of the curve into four parts with the 


dividing points being Y max, Y min and the two intersections of the curve with 


the average index line of 100, The Y=intercepts will be useful in the process of 


integration which comes later. 


For Y = to = 


1 2 


the equation for the index of fluctuation is 


where Y, = 
1 Yo 


to YeY, 


The equation for the index of fluctuation is 


Yet y 


where 


2 
The third equation will not be needed if there is only one change of directions 


This occurs when 


Y, = Ymin or Y max 
Figure 1 is a sketch of the general curve which shows the construction and para- 


meters. 
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As an example of the triangular curve model of the business cycle a five- 


year cycle was chosen with a starting point in the middle of the expansion phase 
of the cycle and with a maximum amplitude of fluctuation of plus and mims sixty 
percent. Based upon the preceding equations, the values of the parameters will bé 


as follows: 
60 Maximum amplitude of fluctuation 


5 Number of years in the cycle 
100, Index of fluctuation at start of cycle (Y-intercept) 
' 220 Y=intercept for equation of second part of the cycle 
“1,0 Y-intercept for equation of third part of the cycle 
160 First’ turning point (Y-max) 
Second turning point (Y-min) 
The equations for the model cycle are 
For the first part 
Y=2100 +)8 x 
For the second part 
- X 


YaxYo x 


= 200 = X 
For the third part 
- Lik 
Ye 


This cycle is illustrated in Figure 2. Figure, 3 illustrates five-year model cycles 


with various amplitudes, 

Except for rare suetenees » engineering economy calculations are made on an 
anmal basis. Yearly totals are used for income and expense items since the added 
mathematical accuracy of smaller time units is seldom worth the added clerical 
cost nor justified by the probable precision of the estimates usede 
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Figure 2 


Index of Fluctuation for Mathematical Model of 
Five-Year Triangular Cycle With Plus and Mims 
Sixty Percent Maximum Amplitude of Fluctuation, 
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Since engineering economy calculations are on an anmal basis, the index of 


fluctuation should be put on an anmal basis. This annual figure will be the 
arithmetic mean of the indices of fluctuation for the entire year, It will be ob= 
tained by integrating the curve from the beginning to the end of the year. The 
general equations for the integration will be as follows: 
For the first part of the curve ( to the first turning point) 
X= j 


(Yo dK 


where j = the jth year 
Yj = the index of fluctuation for the whole jth year 


For the second part of the curve (between the first and second turning points) 


(Y, 4K 
& 
For the third and last part of the curve 


Yj= (Y,+ x) & 
sje-l 
If a turning point occurs during a year, the integration for that year must be 
performed in two parts separated at the turning point, 
For the model cycle discussed previously and shown in Figure 2. the equation 
for the annual index of fluctuation for the first year becomes: 
XeJj Xsj 


(Yo x ) ax (100 +8 xX) a&X 


| 
Xeje-l 
Yy = 22h 


For the second year 


X = 1-1/4 


(1, + ax + x 


X= 1-1/4 


(100 + 48 x) dx + 


Y, 145 


For the third year 
X= 3 


(¥, = 4K X) dx = (220 — 48x) dx 
N 


=2 
| X = 1-1/4 X=2 
— | (220 = 48 x) ax 
X= 
| | 
» 
X=2 X= 2 
T, = 100 


For the fourth year 
X = 


Y= 


(220 =» 4S x) dx + (—140 + 48 x) dx 


X= 3 X = 33/4 


Yy = 55 


For the fifth year 
X=5 


(=140 + 48 x) dx 


X=} 
UK 
UK X) dx + (Y, + X) dx 
X= 3 X= 
X = 303/44 X=} 
wf 
| 
| 
= 
= 76 


-13= 
Table 1 lists the annual indices of fluctuation for the model cycle illustrated 


in Figures 2 and 3, 
Table 1 


Amual Indices of Fluctuation for Various Amplitudes 
for the Five-Year Triangular Model Cycle 


Percent, of Maximum Fluctuation 


70 
8 


For Table 1 and other tables, the percent of maximum amplitude of fluctuation 


is the maximum deviation from the average index of 100. Over the entire cycle, it 
will occur twice, once plus and once mims.For plus and mims 60% amplitutude of 
fluctuation, Ymax will be 160 and Ymin will be 0; the difference between the 
maximum and the minimm will be 120 or twice the plus and mimus sixty percent 
shown. The anmal index of fluctuation is the result of integrating the curve 
over the entire year and should not be confused with the individual points on the 
curve which represent only specific instants in time. For example, the plus and 
minus sixty percent maximum amplitude of fluctuation has a Ymax of 160 even though 
the highest anmal index is only 145. 

The general procedure will be the same for mathematical models using curves 
other than straight lines. The formula for the index of fluctuation using the sine 
curve is 

Y 2 100 sin@ ) 


Year + 20% a +60% +80% +100% 
1 108 116 12h 132 140 
2 115 130 145 "160 175 | 
3 100 100 100 100 100 
85 55 Lo 25 
5 92 76 68 60 
where 0 2 


athe 
and Xo = the year for which Y = 100 and dy/d&x > 0. 


The formula may be rewritten © 
2 (X -X,) 


N 


Y2*2100(1 + XK sin 


Figure 4 illustrates a five-year sine curve model business cycle 


with plus and minus sixty percent fluctuation. 
To get the annual index for any year, integration must be used as follows: 


x= j 


2 X 
Yj= 100 | (1 +K sin ) 
¥2j-1 


=j-1 

Table 2 shows bins alee indices of fluctuation for a five-year cycle on the 
Sine curve model. Once the indices of fluctuation are computed, the procedure is 
the same as that used for the triangular cycle. 

For the models based upon the sine curve and other mathematical formula, the 
annual index of fluctuation for any single year must be obtained by integration. 
For irregular curves, such as would be obtained from actual economic data, inte=- 
gration by approximation would be necessary. However, for the triangular model, 
the annual index of fluctuation ( the area under the curve ) can be easily obtained 
by taking the arithmetic mean of the indices at the beginning and end of the year 
if there is no turning point within the year, If the year contains a turning point, 
the arithmetic mean for each section must be computed and the two means weighted 
according to the fractions of the year covered. This method will give the same 
answer as integration and is considerably easier. 

For most of the succeeding calculations the annual index of fluctuation was 
applied to a dollar return from an investment. This dollar return is defined as 
the difference between the income from an investment and the operating expenses 
except for depreciatione This dollar return can also be defined as the amount equal 
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Figure 


Index of Fluctuation for Five-Year Sine 
Curve Model Cycle with Sixty Percent 
Maximum Fluctuation 
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to the sum of the yearly recovery of the capital invested and the profit earned. 


Interest on the investment is not included in operating expense but is considered 
a part of the profit. The effect of the fluctuations of the business cycle can be 
determined by comparing the annual series of amounts returned with and without 

the adjustment for the anmal indices of fluctuation according to the mathematical 


model, 
Table 2 


Annual Indices of Fluctuation for a Five-Year 

Model Cycle Based upon a Sine Curve 

----=Percent of Maximum 
20g hor 1004 
113.8% 127.6% 141.5% 155 «3% 169.1% 
117.9 135.9 153.8 17167 189.6 
100,0 100.0 100,0 100.0 100,0 
82.1 46.2 28.3 10.3 
86.2 58.5 309 

In most cases the criterion for comparison will be the rate of return on in= 
vestment. The rate of return is the relationship of the profits to the amount in- 
vested expressed as a percent per year, The rate of return can be used as a guide 
to the profitability of the investment and theeffect upon that profitability due to 
business cvcle fluctuations. The rate of return also provides a common denominator 
for comparing the profitability of investments of different magnitudes and service 
lives and for comparison of the results of different variations in the model 
business cycle. 

In other cases, the rate of return on the investment will be inapplicable 
because of the engineering economy methods used. For example, in the short pay- 
off method of evaluating capital equipment purchases, the change in the length 
of time required to recover the investment in the capital equipment will be the 


criterion for evaluation, Chanves in working capital and other economic criteria 


will be used in the discussion wherever appropriate. 


-l7- 
The evaluation will be made on the basis of the difference between the solution 


using the equal annual pattern of receipts and payments assumed by engineering 
economy methods and the varying pattern in these payments introduced by the fluce- 
tuations of the business cyclee 

The unadjusted dollar return, which may be defined as the average annual 
amount, Ry without adjustment for cyclical fluctuation, will be computed by one 
of the methods commonly used in engineering economy. As discussed before, these 
methods call for averaging costs, income and return over the life of the asset on 
an annual basis. For an example, an asset costing “1,000 with a service life of 
five years will be used, According to the sinking fund or compound interest method 
of calculation for capital equipment investment, the average anmal amount necess- 
ary to recover the capital and to return enough profit to earn a specified per~ 
cent return on the intestment is found by the following equation: 


i ( 144)? 
Rs P ( 


(1 +41)" -1 
R = Average annwl amount necessary to recover the capital 
invested and to earn a specified percent return on the 
investment 
P = The cost of the asset 
i = The rate of return on the investment 


n = The number of years service life of the asset 


i(1 
The numerical value of ( ) can be obtained fron 
(1 +1) 
mathematics of finance tables or from engineering economy texts. 


For this example, 

P = 1000 

i = 6% 

n)e5 
From the formula 


R 1000 (423740) = 3237.40 
This means that for the capital equipment costing $1000 to recover the capital 


invested and to earn 6% on the amount invested, its income must exceed the oper- 


ating expenses by 237.40 per year over the service life of five years. 


The cycle-adjusted dollar amounts are defined as the average annual emounts, 


R, modified to follo the fluctuations of the mathematical model of the business 
cycle. This adjustment is made without chancing to the total dollar return over 


the entire service life. The cycle-adjusted series of annual amounts will be com 


pared with the average annual equal payment series to determine the effect of the 


business cycle, 
The cycle=-adjusted dollar amounts for each year are obtained by multiplying 


the average anmal amount from the engineering economy calculation above by the 


annual indices of fluctuation from the model business cycle. For the current ex- 


ample, if we assume that the asset was purchased in the middle of the rising 


phase of a five-year cycle with plus and minus one-hundred percent maximm fluctu- 


ation, the adjusted dollar amounts for each year will be as follows: 


R Index of 
Year Average Fluctuation? Adjusted 
1 $237 40 10 (3332.36 
2 175 415.45 
3 237 40 100 237 0 
237 25 59.35 
5 237 40 60 
Total 1187.00 500 $1187.00 


1 From Table 1, p. 43 
As long as the average of the anmal indices of fluctuation is 100, the total 


of the average annual dollar amounts will equal the total of the cycle-adjusted 


yearly dollar amounts. The totals must be equal to isolate the effect of the cycle 


since otherwise the result would be affected by the difference in the total dollar 


return, However, even if the dollar total of the average anmal amount series 


equals that for the series of cycle-adjusted yearly amounts, the present values of 


the two series to the business man will not be equal. The time value of money 
mist be considered. The present value of a dollar today is not the same as the 


present value of a dollar in the future even if there is no change in the pur- 
chasing power of the dollar, Thus, the timing of the dollar receipts as well as 
the actual total affects the present value of the payment series, Interest is 
the measure by which future dollars are discounted to arrive at their present 
worth. 
In order to find the present worth of the cycle-adjusted series, it will be 
necessary to discount each yearly amount by the present worth factor for the 
. mumber of years between the present and the date the payment will be received and 
to sume the discounted amounts, The present worth factor is the fraction, 
(_ 3 ), which is multiplied by the dollar amount to be paid n years in 
the future to arrive at the present dollar amount at the interest rate i. lach 
annual payment will be assumed to fall at the end of its years This assumption is 
necessary to Sonsistent with the tables of values available for interest factors. 
Furthermore, it does not introduce a significant error into the results. For a 
4 Single year, the present worth of a cycle-adjusted yearly amount is 
Pn adj = Rn adj ( 1 ) 
¢ (1 +i)" 
where Pn adj = Present worth of the cycle-adjusted amount for year 
Rn adj = Cycle-adjusted dollar amount for year 
i = interest rate 
n = number of years 1 
En = Present worth factor for a single payment for n years 
For the fifth year of the cycle-adjusted series shown in Table 3, the present 
worth of the cycle-adjusted dollar amount at 6% interest would be calculated 
as follows: 
Py = Ro adj ( 1 ) 
C + 
Py = (67473) 
Py = $106.45 
] T Although n can be expressed in periods other than one year, this investigation 
will use only the basic time unit of one year. This is customary in engineering 
: economy calculations. 


The total for the entire series of cycle-adjusted amounts will be found by 
the following equation: | 


P adj = Rn adj (2 ) 
(1 +1)" 


nel 


where P adj s Present worth of the series of cycle~adjusted annual amounts 


Examples of this calculation are shown in Table 3, 


However, the present worths of the various series of cycle-adjusted dollar 


amounts cannot be compared directly for different service lives, amplitudes of 


fluctuation and other variations in the model business cycle. In order to compare 


the results of variations, a cycle-adjusted rate of return was calculated, This 


cycle-adjusted rate of return is the interest rate for which the total of the dis- 


counted present worths of the cycle-adjusted annual amounts is equal to the 


original investment. In this example, the cycle-adjusted rate of return is the 


interest rate for which the present worth of the series of cycle-adjusted yearly 


amounts is equal to the original investment of 1000. It is the rate of return 


the investment will earn after the investment has been recovered if the annual 


earnings follow the cyclical pattern rather than the average annual pattern assumed 


in engineering economy calculations, 
In the example under discussion, the total present worths of the cycle- 


adjusted series are shown in Table 3 for the interest rates of 6%, 7% and 8%. 


These rates were used in order to arrive at total present worths for the cycle= 
straddle the original investment of $1000, Thus we know 


adjusted series which 
between what interest rates the cycle-adjusted rate of return falls, In this case, 


it is between 7% and 8%, 
The cycle-adjusted rate of return for the cycle-adjusted series is obtained 


by linear interpolation between the two present worth values which straddle the 
original $1000 present worth. “hile linear interpolation introduces some inaccuracy 
since the function is non-linear, the error is negligble in comparison to that from 


other sources, The formula for this is based on the usual linear interpolation 


_ 


Table 3 


Calculation of the Present Worth of the Cycle-Adjusted Annual Amounts for an Asset 
C. sing $1000 With a Service Life of Five Years Over a Five-Year Triangular Cycle 
With a Plus and Minus Fluctuation of 100% 


3 L 5 6 7 8 
R, 9aj 6% Present 64 Present 7% Present 7% Present 


Index Worth Worth Worth Worth 
of Col, 2x Factor= Factor x Factor « Factor x Factor = 
» Fluctuation Col. 3 (1 @ .06) R, adj (1 + .07) R, adj ( 1 + .08) 


$332.36 $313.54 $310.62 
415.45 369.756 362.85 
237.40 199.32 .8163 193.79 
59.35 7629 45, 28 


12,44 106.45 27130 101.56 
$1187.00 $1036, 08 $1014.10 


86 5 & 


( 
i, + © 


P - P 
i j ik 
Interest rate for which the total present worth of 


cycle-adjusted series of amounts falls first below ¥. 


P, = Original investment 


P = Present worth of the cycle-adjusted series using 
interest rate i; which falls first above Py: 


P = Present worth of the cycle=adjusted series for interest 
rate i 
K 


C Class interval between the two interest rates for P, j and 


Pik 
This gives the rate of return which the cycle=-adjusted net dollar earnings series 


will earn on the original investment in addition to repaying the original capital. ~ 


For the example, the cycle-adjusted rate of return is found by interpolation 


according to the formula for the present worths of the adjusted series for seven 


and eight percent as follows: 


1014.10 = 1000 Uy.10 7.665% 


Thus after adjustment for the business cycle, the asset will earn 7.665% on the 
amount invested instead of the 6% it would earn if the earnings were equal in total 


but distributed evenly over the service life. 
The percent of difference between the cycle-adjusted rate of return and the 


rate of return used for the average anmal method of calculation my be computed 


‘as follows: ( The cycle-adjusted rate of return is used as the denominator,) 


70665 = 6.000 
9065 


Percent of Difference 


21.72% 


formula: 
P P 
re) 
: 


=23~ 
If the rate of return for the average annual method is used as the denominator, 
the calculation becomes 


Percent of Difference - 6.000 


= 27.75% 
The percents of difference between the unadjusted and cycle~ad;justed com= 
putations can be used for evaluating the differences due to the business cycle 
fluctuations. 


In summary, the significant features of the mathematical model for this in- 


vestigation are 


1. Flexibility in the number, type and range of the 


variables which can be introduced, We may bring in 
fluctuations in costs, income, asset price, physical 
volume, and interest rates. Various engineering 
economy methods can be used, The combined effect of 
two or more variables can be examined. .lso, the 

range of fluctuation of any variable can be altered 

as desired to reflect any degree of change anticipated 


during an actual cycle, 


General applicability to all of the many different 
types and kinds of engineering economy decisions, 
Since the method is not based upon specific data, the 
fluctuations introduced can be varied to fit most 
situations which can be anticipated in practice and 


theory. 


e Compatibility with engineering economy principles and 
methods. It can be used with various types of anmal 
cost, present worth, and pay-off period methods, The 
same annual basis for costs and income is used both in 


the model and in engineering eneily methods. Also, the 
results can be converted to practical use in engineering 
economy, Finally, the model and the results are stated 
in terms generally used in engineering economy; this 
facilitates direct comparison and use of the results. 
Conformity to the general pattern of the business cycle, 
Even though every business cycle is unique and different 
from every other cycle, there are consistent though 
general trends which can be assumed representative of 
the vast majority of business cycles, The mathematical 
model was deisnged to conform as closely as possible to 
the actual pattern of the business cycle without intro- 
ducing unwarranted complications. 


The mathematical model proved to be a satisfactory representation of the 


business cycle, The changes in the rate of return and in the pay-off period clearly 
showed the type and extent of the influence of the business cycle upon engineering 
economy methods. Unfortunately, statistical data to support the conclusions drawn 
from the mathematical model were not available, 

According to the mathematical model, the pattern of the dollar return from 
an investment in capital equipment can vary considerably from the average annwl 
pattern without substantially affecting the rate of return anticipated from the 
investment. If the fluctuation is extreme, the actual rate of return my deviate 
significantly fron the rate derived from the engineering economy analysis. 

The time of purchase during the cycle affects the rate of return from an 
investment quite substantially even though there is no change in asset price, 
operating costs or average volume of production from the estimates of the engineer=- 
ing economy analysis, However, at the beginning of the expansion phase, asset 
costs are low and sales expectations good. The combination of these factors en=- 
haness the prospects of profit from the investment. On the other hand purchase of 


an asset near the peak of the cycle may prove unprofitable since the price paid 


is high and the volume may be low for the earlv and most important years of the 
asset's service life. 

The greatest differencesin the rate of return were due to deviations from 
the total dollar net receipts originally anticipated rather than from the time 
pattern of the receipts, If an asset is owned through better=than-average years, 
the profitability will be better than expected. If the income from a capital in- 
vestment rises as a result of a favorable secular trem, the profit from the 
investment will be greater than anticipated, On the other hand, if obsolescence or 
an unfavorable secular trend reduces the income from a capital investment, a low 
return or an actual loss may be expected from the investment. These economic factors 
which cause the total result to differ from that originally anticipated are much 
more influential on the profitability of an investment than are the changes in the 
pattern but not the total of receipts due to cyclical fluctuations. 

The mathematical model confirmed that the economic outcome of the first few 
years of an asset's sarvice life is more important than what happens in the later 
years, This is true since the further in the future the date of payment of a dollar 
is, the lower is its present worth. Also, the danger of obsolescence and other un- 
certainties become greater as the length of time from the present increases. 

The fluctuations of the business cycle are more important for assets with 
short service lives. The fluctuations tend to even out during a long service life 
and consequently have little effect upon the asset's profitability. On the other 
hand, if the purchase of an asset with a long service life is made during a 
favorable part of a cycle, the profitability is enhanced even for fairly long ser= 


vice lives, This again illustrates the importance of the first few years of the 


service life, If the service life of the asset is quite short, then the problem of 
cyclical fluctuations become less severe since there is less uncertainty in the 
estimates going into the engineering economy calculations, 
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The Industrial. Survey 


The data from the industrial survey were insufficient to warrant extensive 


statistical or mathematical treatment. Most industrial companies do not compare 
results of engineering economy decision with the actual outcome, The few that do 
are reluctant to divulge any data. Furthermore, they compare the estimate with 
operating results within a few months, at most a year, after the asset has been 
purchased and placed into service, No company was found which made a comparison 
at the end of the asset's service life when the equipment was disposed of, or 
which reviewed decisions not to purchase to see if those recommendations were 
correct. Many companies did make qualitative comments from which useful deductions 
could be made. 
The following conclusions may be drawn from the industrial survey: 
1. The capital investment program of well-managed companies 
is planned on a long-range basis in which cyclical fluce 
tuactions are smoothed out or subordinated. 


Long term market prospects are the greatest single factor 
influencing investment plans. 


The timing of capital investment in equipment is markedly 
affected by the short term effects of the business cycle, 
If the immediate economic outlook is poor, capital invest~ 
ments are frequently deferred, Only occasionally are they 
cancelled permanently. 

Availability of funds and pressure for liquidity is less 
on the upswing of the business cycle, Both factors favor - 
increased investment in capital equipment. 


Psychological factors during an unswing favor capital investment. 
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6. The difficulty of forecasting the turns and course of the 
business cycle causes many companies to leave effects of 
the business cycle out of their calculations and consider= 


ations. 


The following factors not related to the business cycle were regarded 
as important by the companies surveyed: 


1. Long term market prospects are the most important factor 
in capital equipment policy. 


2. The desire to keep up with or ahead of competitive firms 
is an important fector in company decisions. 


3. The search for operating economies and cost reduction is 
a strong motive for investing in improved machinery and 
equipment 


he The availability of funds is a prime consideration in engineering 
economy decisions, This is particularly true since most 
Companies regard capital equipment expenditures as marginal, 
i.e. they are the first outlays to be curtailed when the 
available funds are low and liquidity must be preserved. 


Capital investments which are mandatory if the business 
is to continue operations are independent of the business 
Cycle. 


In regard to modyfying engineering economy methods to allow for 


the effects of the business cycle, the following practices were re- 


ported: 


1. The short pay-off method is widely regarded as a way of 
protecting the firm against the effects of business 
cycle fluctuations 


2. Cost and income are averaged ocer the entire cycle to the 
best of the analyst's ability. 
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3 Some firms make analyses showing the results for both the 
most favorable conditions anticipated and for the least 
favorable ones possible, 


Summary 


The mathematical model is a satisfactory method for testing the effects of 
deviations from the assumed anmal average method of calculating income and expense 
for engineering economy purposes. Various factors and amounts of change can be 
easily introduced and their effects noted, This enables the analyst to observe the 
effects of these changes without actual data which may be prohibitively expensive 


or actually impossible to obtain. 


While the industrial survey produced some important results, several factors 
operated against its effectiveness. Almost no company in the cowmtry has the nec= 
essary data available in its records. Even if the data is there, it is regarded 
as confidential and is not released for study. Howdver,future investigations of 
actual company records should yield useful facts and ideas for the field of en- 
gineering economy. 


The mathematical model and the industrial survey results agreed in major 
respects, Secular trend, chiefly increasing volume of sales, is the most im-= 
portant factor influencing profitability of a capital investment. The pattern of 
receipts during a cycle does not greatly change the rate of return on investment 
as long as the net total of the receipts is unchanged. The business cycle has its 
greatest influence in advancing or delaying the timing of capital investments and 
in the profitability of short-lived assets. Modification of present methods to 
allow for business cycle fluctuations is not warranted. 
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Letter to the Editors 


The technique described in the paper, "Risk Analysis in Engineering iconomy 
Studies," by F.A.Gitzendanner, in The Engineering Economist, Volume I, No. 2, is 
of considerable interest to us. Ve would Tike to follow the sample case presented 
through to the conclusion drawn in Figure 3, However, our analysis of Figures 1 
and 2 indicates that some confusion exists either in the equation on Figure 1 or 


in the terminology used in setting up the alternative courses of action. ie would 
appreciate an explanation or giving us the correct terminology. 


In Figure 1, the equation is marked 2G-Fsl, but since G = 0 

at Fz 0,5 we believe the author may have intended 2F-G = 1. 

We then believe the areas "A preferred" and "B preferred" are 
reversed, since above the break-even line B will be more costly. 


In Figure 2, the horizontal line at about G = 0.19 indicates 
to us the choice between Course A and Course E, rather than 
B and E as shown, ‘le, therefore, suspect the terminology for 
Cases A and B might have been reversed after the graphs were 


prepared. 


We would appreciate your clearing up this minor point so that we 
can complete our analysis of the methods, Copies of our calculations are 
attached, 


James B. Weaver 

Economic Evaluation Department 
Atlas Powder Company 
Wilmington, Delaware 


Mr, Gitzendanner has replied: 


' I have checked the details of this paper which were abstracted from a 
previously prepared internal company memorandum and find that cases A and B were 
inadvertently reversed sometime during the preparation of the publication copy. 
Incidentally, the chart which accompanied the calculations and which is slightly 
different than the one shown in the published paper is also correct. This was 
also an error on my part which occurred during the confusion of rewriting the 


papers 


EXAMPLE OF RISK ANALYSIS 


Met hod Cost of Method Probability of Success 


1. Grout under tank $30,000 
2. Excavate and fill 80,000 
3. Relocate tank 160,000 


Case I - Assumes 
(1) no damage to tank from any of the repairs 


(2) cost not influenced by earlier steps 
(3) no useful information gained during repairs 


Courses of Action for Probably cost of course 
Case I ( ieee. average cost) 


A. = Grout and Move 30G + 190 (1-G) 
Be Grout, Excavate and Move 30 G+ 110 (F=G) + 270 (1 =F) 
C, Excavate, Grout and Move 80 F + 110 (G-F) + 270 (1 -4G) 
D. - Excavate and Move 80 F +20 (1 = F) 
Ee - Move 160 
These can be simplified as follows: 

Course Cost of Course 


A = Grout and Move 

B - Grout, Excavate and Move 
C - Excavate, Grout and Move 
D = Excavate and Move 

E = Move 


Equate costs of courses to obtain break-even lines: 


1, Cost A = Cost B 
190-160G = 270 - 160 F - 80G 
-160F+ 80G 
AF-G 21 (F = 0.5, G = 0; F # 1,0, G = 1,0) 


For values of G above the break-even line, Yourse A is preferred to Course B 
as A's cost is lower. Example 


F = 005, G = 0.5 
Cost A = 190 = 160 (0.5) = 110 
Cost B = 270 = 160 (0.5) = 80 (0.5) = 150 


G 

F 

1.0 
190 160G 
270 = 160 F ~ 80G 
270 160G -30F 
20 - 160 F 
160 


2. Cost A =Cost C 
190 = 160 G = 270 160 G - 30F 
30F 
F = 8/3 = 2.67 


For values of F less than 2.67 Course A is preferred to Course C 
as A's cost is lower. Thus, for our example in which F does not 
exceed 1,0 Course A will always be preferred to Yourse C and 
there is no need to canpare Course C to Courses B, D, and E. 


Cost A = Cost D 
190 160 G = 240 160 F 
O=50 + 160G 160F 
= 3.2G2 1 ( F = 0.31, G = 0; F = 1.0, G = 0,69) 


For values of G above the break=even line course A is preferred 
to Course D as A's cost is lower. Example: 


F 0,31, G s 0.5 


Cost Azel - 160 (0.5) = 110 
Cost D oho - 160 190 


Cost A = Cost E 
190 - 160 G 160 
30 160 G 
G 3/16 == 0,1875 


For valves of G higher than 0.1875 Course A is preferred to 
Course E as A's cost is lower 


Cost B = Cost D 
270 = 160 F ~ 80G = 240 = 160 F 
30 =80G 
G = 3/8 = 0.375 
For values of G higher than 0.375 Course B is preferred to Course D as B's 
cost is lower. 


Cost B = Cost E 
200 ~ 160 F = 80G = 160 
160 F 80 G = 110 
2F+ Gs 1.375 
(F = 0, 1875, @ 1,0; F = 0.6875, G=0 ) 
For values of G above the break-even line Course B is preferred to Course E as 
B's cost is lower, 


Cost D = Cost E 

2h0 = 160 F = 160 
80 #160F 
F 20,5 


For values of F higher than 0,5 Course D is preferred to Course E as 
D's cost is lower, 


Using the above relations a graph can be ontained showing preferences, 


Break~Even Lines of Cost 


Gz 
Probability 

of Grout 
Succeeding 


1,0 


F = Probability of Excavate and Fill Succeeding 
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WRITE-OFF LAW THAT'S FLEXIBLE 


Business Week, June 30, 1956, carried an article on a Dutch depreciation law 
which is supposed to have flexibility in order 


to keep the economy growing and stable. 
The law has two facets: 


es The Minister of Finance may, without getting new legislation 
lengthen or shorten the period over which business can write 


of new investments in plant and equipment. The idea was to 
create a new instrument by which the government can regulate 
capital spending to offset swings toward inflation or deflation 


in the general economy. 
ee Industrial expansion is encouraged by permitting Dutch companies~- 
or foreign business with plants in Holland ~- to write off more 
than 100% of their capital investments, 
eeeve 
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